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1
UNDUCTED FAN FOR TURBINE ENGINE

The present invention relates to a turbine engine fan having
variable-pitch blades, the fan being of the unducted or “open
rotor” type.

A turbine engine of this type has two outer contrarotating
fans on a common axis that are located respectively upstream
and downstream, which fans are driven 1n rotation by respec-
tive turbines of the engine and extend substantially radially
outside the nacelle of the turbine engine.

Each fan comprises a rotor element having substantially
radial cylindrical housings distributed around the longitudi-
nal axis of the engine with fan blade support plates being
mounted in the housings. By way of example, each blade
includes a root of dovetail section that 1s engaged axially and
that 1s retained radially 1 a groove of complementary shape
in the plate.

Each plate comprises a substantially cylindrical body that
1s screwed 1nto a cylindrical ring that 1s centered and guided
in rotation i a housing of the rotor element by means of
rolling bearings of the roller- or ball-bearing type.

The plates and the rings are capable of turming in the
housings of the rotor elements and they are turned about the
axes of the blades by appropriate means so as to adjust the
angular pitch of the blades.

That type of mounting 1s nevertheless unsatisfactory in that
the blades are retained radially 1n the radial housings by the
screw threads between the plates and the rings, which threads
run the risk of deteriorating rapidly, thereby limiting the life-
time of the fan.

In 1ts application FR 09/01343, the Applicant has already
proposed forming teeth projecting from the outer surface of
the blade support plate, the plate being engaged in a radial
housing from the outside and the teeth of the plate co-oper-
ating with complementary teeth on the inner surface of a ring
engaged 1n the housing from the mside.

Nevertheless, 1n that type of configuration, dismantling the
blades requires prior access to the ring for radially blocking,
the plate, which ring 1s mounted from the inside of the hous-
ing, thereby requiring elements of the rotor hub to be dis-
mantled. Under such circumstances, 1t 1s not possible for
blades to be dismantled simply and quickly during a stopover,
¢.g. while the airplane 1s stationed 1n an airport.

Under certain circumstances, for example when the blade
1s made out of a woven carbon fiber composite matenal, 1t 1s
not possible to make a dovetail-shaped blade root, and the
root 1s generally of cylindrical shape.

Thus, in application FR 10/50234 1n the name of the Appli-
cant, the cylindrical blade root includes an annular collar atits
inner end. An 1nner bearing ring 1s mounted tight around the
root and includes an annular collar at its bottom end that
co-operates with the annular collar of the root 1n order to hold
the root radially. The inner ring 1s connected via bearing balls
to two outer rings that are axially spaced apart and fastened by
being screwed 1nto the radial housing.

In that embodiment, the bearing balls are inserted one by
one from the inside of the housing into the space that lies
between the inner and outer rings, thereby requiring a con-
siderable length of time 1n order to put each blade 1nto place.
Furthermore, handling each bearing ball can lead to polluting
clements being inserted between the inner and outer rings,
¢.g. abrasive dust that might damage the balls and their race-
ways.

A particular object of the invention 1s to provide a solution
to those problems that 1s simple, effective, and imnexpensive.

To this end, the mvention provides an unducted fan for a
turbine engine that has fan blades mounted to turn about their
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respective axes in radial housings of an annular rotor element,
cach blade having a root with a cylindrical body engaged
from the outside 1n a radial housing and guided to turn about
its axis in the housing by two rolling bearings, the fan being
characterized 1n that a first bearing 1s carried by an annular
rim of the radial mner end of the housing, in that the second
bearing 1s carried by an annular segment of a cylindrical skirt
mounted 1n a groove of the cylindrical body and by a locknut
screwed onto the cylindrical skirt of the segment and forming,
a spacer bearing against the first bearing, the second bearing
being covered on the outside by a ring surrounding the cylin-
drical body of the blade root and 1ncluding outer dog-clutch
teeth co-operating with inner dog-clutch teeth of the housing
in order to retain the ring axially i the housing, and 1n that
blocking means are engaged between the dog-clutch teeth of
the housing and between the dog-clutch teeth of the ring in
order to prevent the ring from turning and being extracted
axially from the housing.

Unlike the prior art, the first rolling bearing 1s mounted 1n
the assembled state into the housing from the outside onto a
rim of the radially inner end of the housing. The second
bearing, also 1n the assembled state, 1s mounted around the
root and 1s carried by the annular segment mounted 1n the
annular groove and held therein by the nut screwed on the
cylindrical skirt of the annular segment.

The assembly constituted by the blade, the second bearing,
the annular segment, and the nut 1s engaged axially in the
radial housing from the outside. The blade 1s blocked radially
in the housing by a ring that 1s not mounted from the 1inside of
the housing as in the prior art, but rather from the outside of
the housing. The ring has a set of dog-clutch teeth engaged
and blocked to bear radially against a complementary set of
teeth of the housing, suitable for withstanding the centrifugal
forces that are applied to the blade in operation.

In order to enable the blade to be mounted 1n the housing
from the outside of the ring, it can be understood that the ring
needs to be mounted around the root before the second bear-
ing 1s mounted around the blade root. The ring i1s thus
mounted and put into a waiting position around the root until
it 1s fastened 1n the radial housing by means of the dog-clutch
teeth.

The blades are thus retained radially not by means of a
thread, but rather by a system of dog-clutch teeth, and the
operations of mounting and dismantling blades may advan-
tageously be performed on an engine that 1s mounted on an
airplane, and from the outside without taking action on the
hub of the rotor, since the ring 1s mounted from the outside.

According to another characteristic of the mvention, an
annular cover surrounding the blade root 1s screwed onto the
outer end of the housing in order to prevent the blocking
means being withdrawn axially. Screw fastening the cover
does not present any difficulty, since 1t serves for radially
retaining only the blocking means and not for radially retain-
ing the blades, so the screw fastening 1s thus not subjected to
the stress of transmitting centrifugal forces from the blades in
operation.

According to yet another characteristic of the invention, the
annular segment comprises two portions mounted end to end
in the groove of the blade body.

The cylindrical skirt of the annular segment may include at
least one axially-projecting tooth engaged 1n a setback of the
cylindrical body and leading into the annular groove so as to
prevent the segment from turning on the cylindrical body.

A lockwasher 1s advantageously interposed between the
nut and the annular segment and co-operates by interfitting
shapes with the nut and with the segment so as to prevent the
nut from turning on the blade root.




US 9,328,737 B2

3

In a particular embodiment of the imnvention, the ring has
three dog-clutch teeth regularly distributed about 1ts axis,
cach having an angular extent of about 60°.

The blocking means for preventing the ring from turning in
the housing may comprise spacers in the form of sectors of a
cylinder that are engaged by moving 1n axial translation from
the outside between the dog-clutch teeth of the ring and the
dog-clutch teeth of the housing. Each spacer 1s inserted
between two consecutive teeth of the ring and between two
consecutive teeth of the housing, e.g. by being moved 1n
translation 1n a direction parallel to the axis of the housing.
These spacers co-operate by coming into abutment in the
circumierential direction with the circumierential ends of the
teeth both of the ring and of the housing so as to prevent the
ring from turning in the housing.

Another lockwasher 1s advantageously interposed between
the cover and the ring and co-operates by interfitting shapes
with the cover and with the ring 1n order to secure the cover in
rotation with the ring.

According to another characteristic of the invention, the
blade root 1s hollow and includes metal reinforcements fas-
tened on 1ts inner and outer faces by adhesive. By way of
example, reinforcements of this type may be used with a
blade made of carbon fiber composite material. Under such
circumstances, the annular groove for recerving the cylindri-
cal skirt of the annular segment 1s formed 1n the outer surface
of the outer reimnforcement.

Advantageously, the wall of the blade root 1s of substan-
tially constant thickness and includes undulations co-operat-
ing with complementary undulations of the reinforcements.
These undulations act by co-operating shapes to provide bet-
ter fastening of the reinforcements on the blade roots.

The mvention also provides a turbine engine, such as an
airplane turbojet or turboprop, that includes at least one fan as
described above.

The 1invention can be better understood and other details,
advantages, and characteristics of the mmvention appear on
reading the following description made by way of non-limait-
ing example and with reference to the accompanying draw-
ings, in which:

FIG. 1 1s a diagrammatic axial section view of a turbine
engine having unducted fans;

FIG. 2 1s a diagrammatic section view on a plane contain-
ing the axis of a radial housing of a rotor element 1n which a
blade of a fan of the invention 1s mounted and fastened;

FIG. 3 1s a diagrammatic perspective view of the FIG. 2
rotor element;

FI1G. 4 1s an exploded diagrammatic perspective view of the
various parts shown 1n FI1G. 2, without the rotor element;

FIG. 5 1s another diagrammatic perspective view that 1s
exploded and partially cut away, showing the various parts of
F1G. 2 without the rotor element; and

FIGS. 6 to 11 are diagrammatic perspective views that are
partially cut away, showing the rotor element, the blade root
supporting a ball bearing, the blocking ring, and the top cover
of FIG. 2, and showing steps 1n mounting those elements.

Reference 1s made mitially to FIG. 1, which shows a' tur-
bine engine 10 having unducted fans, also referred to as “open
rotors”, and comprising from upstream to downstream in the
flow direction of gas through the turbine engine: a compressor
12; an annular combustion chamber 14; a high pressure tur-
bine 16; and two low pressure turbines 18 and 20 that are
contrarotating, 1.¢. that rotate 1n two opposite directions about
the longitudinal axis A of the turbine engine.

Each of these downstream turbines 18 and 20 drives an
external fan 22, 24 1n rotation, which fan extends radially
outside the nacelle 26 of the turbine engine, the nacelle 26
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being substantially cylindrical and extending along the axis A
around the compressor 12, the combustion chamber 14, and
the turbines 16, 18, and 20.

The stream of air 28 that penetrates into the engine 1s
compressed and then mixed with fuel and burnt in the com-
bustion chamber 14, the combustion gas then passing through
the turbines 1n order to drive the fans 22 and 24 1n rotation,
which fans deliver the major fraction of the thrust generated
by the turbine engine. The combustion gas leaving the tur-
bines 1s expelled through a nozzle 32 (arrows 30) 1n order to
increase the thrust.

The fans 22 and 24 are arranged on a common axis one
behind the other, and each of them comprises a plurality of
blades regularly distributed around the axis A of the turbine
engine. These blades extend substantially radially and they
are of variable pitch, 1.e. they are capable of turning about
their respective axes so as to optimize their angular positions
as a function o the operating conditions of the turbine engine.

According to the mnvention, and as shown i FIGS. 2 to 5,
cach fan comprises a rotor element constituted by a polygonal
ring 34 that extends around the axis A of the engine and that
includes a plurality of substantially cylindrical radial hous-
ings 36 1n which the roots of the fan blades are engaged.

The root 38 of each blade 1s hollow and comprises a sub-
stantially cylindrical body 40 engaged 1n a radial housing 36
ol the polygonal ring 34. An annular collar 42 1s formed at the
radially inner end of the root 38. The cylindrical body 40 has
two metal reinforcements 44 and 46. The first reinforcement
44 1includes an annular collar 48 at its bottom end and 1s
engaged 1nside the root by being moved 1n radial translation
so that its collar comes into contact with the annular collar 42
ol the root. The second metal reinforcement 46 1s mounted
outside the root and around it, and its bottom end 1s positioned
in axial abutment against the annular collar 42 of the root 38.
By way of example, the metal reinforcements 44 and 46 are
tastened to the root by means of adhesive.

The outer metal reinforcement 46 includes an outer annular
groove 50 and two diametrically-opposite setbacks 52. These
setbacks 32 are formed 1n the bottom rim of the annular
groove 50 and they open out 1nto 1ts 1nside.

An annular segment 54 1s mounted 1n the annular groove 50
and comprises a cylindrical skirt 56 connected at its radially
outer end to a radial annular rim 58 including four regularly-
distributed notches 60 1n 1ts periphery. The inner end of the
cylindrical skirt has two teeth 62 projecting axially towards
the mside of the housing, which teeth are diametrically oppo-
site each other. These teeth 62 are engaged 1n the setbacks 52
ol the outer metal reinforcement 46. The outer surface of the
cylindrical skirt 56 includes a screw thread for engaging a nut
64 for locking the annular segment 34 in the annular groove
50.

The annular segment 54 1s made of two portions 66 and 68
so as to enable 1t to be mounted 1n the annular groove 50 of the
blade body.

Preferably, the annular segment 54 1s made as a single piece
and then the thread 1s formed on the outside surface of the
cylindrical skirt 56 of the annular segment 54. The annular
segment 54 1s then cut into two portions each occupying an
angular extent of 180°. Making the thread on a one-piece
annular segment 54 serves to guarantee that the threads on
cach of the two portions 66 and 68 of the segment 34 are 1n
alignment when the segment 1s mounted in the annular groove
50 of the blade body.

A first washer 70 1s interposed axially between the nut 64
and the annular rim 38 of the annular segment 54, and on 1ts
outer periphery 1t includes first tabs 72 that are folded out-
wards and engaged 1n the notches 60 of the annular rim 58 of
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the annular segment 54 so as to prevent the washer 70 from
moving relative to the annular segment 54.

On 1ts outer periphery, the first washer 70 also includes
second tabs 74 that are folded inwards and that are engaged
between the teeth on the outer periphery of the nut 64 so as to
prevent the washer 70 from turning relative to the nut 64
screwed onto the segment 54.

A first ball bearing 76 1s mounted inside the radial housing
and 1s carried by an annular rim 78 of the radially inner end of
the housing 36. A ring 80 of the bearing 76 bears against a
prestressed washer 82 interposed between the annular rim 78
of the housing and the bearing 76. This prestressed washer 82
limits impacts against the annular rim of the housing and has
a thickness of the order of 0.5 millimeters (mm) to 0.8 mm.
The other nng 84 of the bearing 76 1s in contact with the
radially inner end of the nut 64 and also with the outer metal
reinforcement 46 of the blade root. The mner periphery of the
annular rim 78 of the housing includes an annular groove 86
in which an annular sealing ring (not shown) 1s mounted 1n
contact with the cylindrical body of the blade root. An annular
groove 88 1s also formed 1n the inner face of the annular rim
78 of the housing and includes another annular sealing ring
(not shown) co-operating with an inner annular cover 90 that
1s screwed from the inside against the outer periphery of the
rim 78. The iner cover 90 includes a central opening 92 for
passing means for setting the angular position of the blade. A
second bearing 94 bears via its inner ring 95 against the outer
surface of the annular rim 58 of the annular segment 54. The
outer ring 96 of this second bearing bears against an 1nner
surface of a radial annular rim 98 of a ring 100 covering the
second bearing 94. The annular rim 98 of the ring 100
includes an annular groove 102 1n 1ts inner periphery in which
there 1s housed an annular sealing ring (not shown) co-oper-
ating with the top end of the body of the blade root.

The ring 100 has a top portion 104 including a plurality of
notches 106 1n its mner periphery that are regularly distrib-
uted around the axis of the ring 100. Radially outwardly-
projecting dog-clutch teeth 108 are formed on the outer cylin-
drical surface of the ring. There are three of these teeth 108 1n
the embodiment shown in the figures, and each of them
extends over an angle of about 60°.

The radial housing also includes three dog-clutch teeth 112
that are regularly distributed around the axis D. of the radial
housing. These teeth 112 are formed on a cylindrical inner
surface of the housing and each of them extends over an angle
ol about 60°.

When the engine 1s stopped, the ring 100 bears axially
against an annular shoulder 110 of the housing and axial
clearance exists between the dog-clutch teeth 108 of the ring
100 and the dog-clutch teeth 112 of the radial housing. This
axial clearance 1s necessary to enable the ring 100 to be
mounted 1n the radial housing. In operation, centrifugal force
urges the dog-clutch teeth 108 of the ring 100 to bear axially
against the dog-clutch teeth 112 of the radial housing.

Blocking spacers 114 such as cylindrical sectors are
engaged axially between the dog-clutch teeth 108 of the ring
100 and the dog-clutch teeth 112 of the housing, and they
come 1nto axial abutment against the shoulder 110 of the
housing. In the embodiment shown 1n the figures, the spacers
114 extend angularly over about 60° and their axial dimen-
s1on 1s sullicient for the spacers to be mterposed circumier-
entially between the dog-clutch teeth 108 of the ring 100 and
the dog-clutch teeth 112 of the housing.

An annular cover 116 1s screwed onto the radially outer end
of the housing and includes notches 118 that are regularly
distributed 1n its inner periphery.
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A second washer 120 1s interposed between the ring 100
and the cover 116 and includes first tabs 122 that are folded
outwards 1nto the notches 118 of the cover 116, and second
tabs 124 that are folded mnwards into the notches 106 of the
ring 100. This prevents the cover 116 from turning on the ring
100, which 1s 1tself prevented from turning 1n the housing by
the blocking spacers 114.

Annular grooves 126 are provided 1n the outer periphery of
the housing and 1n the top portion of the ring, and they receive
annular sealing rings (not shown) that co-operate with the
inner surtace of the outer annular cover 116.

A blade 1s mounted 1n a radial housing of the polygonal
ring 100 as follows (FIGS. 6 to 11).

Firstly, the outer annular cover 116, the second washer 120,
and the blocking ring 100 are moved 1n translation to be
engaged around the root 38 from 1ts bottom end, and they are
left ready for later use. The second bearing 94 1s mounted as
a single piece around the blade root. The two portions 66 and
68 of the annular segment are arranged end to end in the
annular groove of the outer metal reinforcement 46 so that the
teeth 62 of the cylindrical skirt 56 penetrate into the setbacks
52 of the groove 50 so as to prevent the annular segment 54
from turning in the annular groove (FIG. 6). The first washer
70 1s mounted around the root and the nut 64 1s screwed onto
the cylindrical skirt 56 of the annular segment. The first and
second tabs 72 and 74 of the first washer 70 are folded to
prevent the nut 64 from turning on the annular segment 54
(F1G. 7).

In other operations, the prestressed washer 82 has also been
mounted in the radial housing and the first bearing 76 has
been mounted in the assembled state on the annular rim 78.

Thereaftter, the blade root 1s engaged axially 1n the radial
housing (FI1G. 8), the nut 64 forming a spacer bearing against
the first bearing 76. The blocking ring 100 1s angularly posi-
tioned so 1ts dog-clutch teeth 108 engage axially between the
dog-clutch teeth 112 of the housing (FIG. 9). The blocking
ring 100 1s then inserted axially so as to come into axial
abutment against the annular shoulder 110 of the housing, and
then 1t 1s turned through an angle of 60° corresponding to the
angular extent of the dog-clutch teeth so as to block the ring
100 axially in the radial housing (FIG. 10). The three blocking,
spacers 114 are engaged axially from the outside between the
dog-clutch teeth 108 of the ring 100 and the dog-clutch teeth
112 of the housing so as to prevent the ring 100 from turning
in the radial housing (FIGS. 4 and 11), these spacers 114 also
coming into axial abutment against the annular shoulder 110
of the housing.

Finally, the outer cover 116 1s screwed onto the outside of
the housing and the tabs 122 and 124 of the second washer are
then folded to prevent the cover 116 from turming on the ring
100 (FIG. 2).

According to the ivention, all of the parts needed for
tastening the blade root 1n its radial housing are mounted from
the outside of the housing, thereby making 1t possible, during
a stopover, to dismantle blades quickly from an engine that
remains mounted on an airplane. Furthermore, the ball bear-
ings 76 and 94 are mounted while they are 1n the assembled
state, and no longer ball-by-ball as 1n the prior art, thereby
limiting any risk of abrasive elements being introduced into
the bearings.

The centrifugal forces on the blades in operation are trans-
mitted by the dog-clutch teeth 108 of the ring 100 bearing
against the dog-clutch teeth 112 of the housing and not via
screw threads, thereby increasing the lifetime of the fan as
assembled in this way.

In a variant embodiment of the invention, the blade root 1s
of substantially constant thickness and includes undulations
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that co-operate with complementary undulations of the metal
reinforcements so as to increase adhesion between the blade
root and the 1inner and outer metal reinforcements. The radius
of curvature of the undulations 1s advantageously greater than
4 mm.

The blades may be made by weaving a carbon fiber com-
posite materal.

In the embodiment described with reference to the figures,
the ring 100 has a single annular row of dog-clutch teeth 108.
Nevertheless, the invention also covers the embodiments 1n
which the blocking ring 100 has two annular rows of dog-
clutch teeth 108 that are axially spaced apart from each other,
cach co-operating with an annular row of dog-clutch teeth of
the housing. In a first configuration, the two rows of dog-
clutch teeth contribute simultaneously to holding the blade
radially. In a second configuration, the teeth of one of the two
rows bear against the teeth of one row of the housing, while
the dog-clutch teeth of the other row are spaced apart axially
a little during mounting from the dog-clutch teeth of the other
row of the housing and their purpose 1s to hold the blade
radially and transmit centrifugal forces in the event of teeth of
the first row of the blocking ring breaking. This type of
configuration 1s described in detail in the prior patent appli-
cation No. FR 09/04126 1n the name of the Applicant.

In order to withstand centrifugal forces of the order of 30
(metric) tonnes 1n operation, the dog-clutch teeth 108 of the
blocking ring 100 shown 1n the figures have an axial thickness
of the order of 12 mm. In the event of the blocking ring 100
having two rows of dog-clutch teeth that bear simultaneously,
the axial thickness of the dog-clutch teeth 1s then halved and
1s about 6 mm.

The mvention claimed 1s:

1. An unducted fan for a turbine engine, comprising:

fan blades mounted to turn about their respective axes in
radial housings of an annular rotor element, each blade
including a root with a cylindrical body engaged from
outside 1n a radial housing and guided to turn about 1ts
axis in the housing by first and second rolling bearings,

wherein the first bearing 1s carried by an annular rim of the
radial inner end of the housing,

the second bearing 1s carried by an annular segment of a
cylindrical skirt mounted in a groove of the cylindrical
body and by a locknut screwed onto the cylindrical skirt
of the segment and forming a spacer bearing against the
first bearing, the second bearing being covered on the
outside by a ring surrounding the cylindrical body of the
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blade root and including outer dog-clutch teeth co-op-
crating with mner dog-clutch teeth of the housing to
retain the ring axially 1n the housing, and

blocking means are engaged between the dog-clutch teeth

of the housing and between the dog-clutch teeth of the
ring to prevent the ring from turning and being extracted
axially from the housing.

2. A fan according to claim 1, further comprising an annu-
lar cover surrounding the blade root screwed onto the outer
end of the housing to prevent the blocking means from being
withdrawn axially.

3. A fan according to claim 1, wherein the annular segment
comprises two portions mounted end to end 1n the groove of
the blade body.

4. A fan according to claim 3, wherein the cylindrical skirt
of the annular segment 1includes at least one axially-project-
ing tooth engaged 1n a setback of the cylindrical body and
leading into the annular groove to prevent the segment from
turning on the cylindrical body.

5. A fan according to claim 1, further comprising a lock-
washer mterposed between the nut and the annular segment
and that co-operates by interfitting shapes with the nut and
with the segment to prevent the nut from turning on the blade
root.

6. A fan according to claim 1, wherein the ring includes
three dog-clutch teeth regularly distributed about 1ts axis,
cach having an angular extent of about 60°.

7. A fan according to claim 1, wherein the blocking means
comprises spacers in a form of sectors of a cylinder engaged
by moving 1n axial translation from outside between the dog-
clutch teeth of the ring and the dog-clutch teeth of the hous-
ing.

8. A fan according to claim 2, further comprising a lock-
washer interposed between the cover and the ring and that
co-operates by interfitting shapes with the cover and with the
ring to secure the cover 1n rotation with the ring.

9. A fan according to claim 1, wherein the blade root 1s
hollow and includes metal reinforcements fastened on its
iner and outer faces by adhesive.

10. A fan according to claim 9, wherein a wall of the blade
root 1s of substantially constant thickness and includes undu-
lations co-operating with complementary undulations of the
reinforcements.

11. A turbine engine, or an airplane turbojet, or turboprop,
comprising at least one fan according to claim 1.
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